The upper part of the Earthmthe lithospheric layer, 100 km thick, is rigid. Segments of this spherical shell-lithospheric plates are drifting over a ductile asthenosphere. On the continents, the lithosphere includes the Earth's crust, --40 km thick, which is underlain by peridotitic rocks of the mantle. In most areas, at depths --20-40 km the continental crust is composed of basalts with density --2900 kg m-3. At temperature and pressure typical for this depth, basalts are metastable and should transform into another assemblage of minerals which corresponds to garnet granulites and eclogites with higher densities 3300-3600 kgm-3. The rate of this transformation is extremely low in dry rocks, and the associated contraction of basalts evolves during the time >-108 a. To restore the Archimede's equilibrium, the crust subsides with a formation of sedimentary basins, up to 10-15 km deep.
INTRODUCTION
A predominant part of the population of the Earth is living on the continents. The continental Earth's crust is the major source of mineral resources. On 281 the other hand, its evolution is associated with destructive earthquakes and volcanic eruptions. Hence a knowledge on the structure and basic regularities of evolution of continental crust is of great importance. Over most of the continents, the continental crust is --40km thick. It includes the upper-granitic and lower-basaltic layers, --20 km thick each (Fig. 1) . The basaltic layer is underlain by the peridotitic rocks of the Earth's mantle which are denser than the crust. The crust and uppermost mantle form a rigid lithospheric layer. Over most of the continental areas, where the heat flow from the Earth's interior is low, the lithospheric thickness is 100-200 km. Due to a temperature increase with depth, a strong decrease in mantle viscosity occurs below the lithospheremin the low-viscosity asthenospheric layer.
The major advances in solid Earth sciences of the last third of the 20th century were associated with the origination of plate tectonics. According to this concept, the lithosphere is broken into large blocks--lithospheric plates, thousands of kilometers in size, which are drifting over the asthenosphere as rotating pieces of rigid spherical shell. Plate tectonics was very successful in a kinematic description of continental drift. It gave a good explanation for the formation of new oceanic crust by sea floor spreading at divergent boundaries of lithospheric plates on the oceanic floor, e.g. along the axis of the Atlantic ocean. Plate tectonics adequately explained a growth of chains of volcanic islands above the plates of dense oceanic lithosphere sinking (subducting) deeply into the mantle on active oceanic margins, e.g. the Japan and Aleutian islands. However, a direct application of plate tectonics to dynamics of the crust within the continental areas meets serious difficulties.
According to plate tectonic interpretation, vertical crustal movements on the continents should be caused by horizontal plate motions. The Earth's crust is less dense than the mantle. To restore the Archimede's equilibrium, strong thinning by extension of the crust with a constant thickness must result in its subsidence with a formation of sedimentary basins, such as those in West Siberia, Persian Gulf and North Sea (McKenzie, 1978 ). An intense thickening of this layer by compression will produce the crustal uplift and the formation of high mountain ranges and plateaus such as the Alps, Himalayas, Tibet and Rocky mountains (Miyashiro et al., 1982 (Artyushkov, 1983; 1993) , while most of the present high mountains and plateaus originated long after the end of compression (Artyushkov and Hofmann, 1998 (Artyushkov et al., 1991) .
The rapid subsidence in West Siberia was preceded by a slight crustal uplift (--100 m) of a short duration ---1 million years. This as an indication of rapid density decrease in the underlying asthenosphere. It required convective replacement of the upper part of this layer, several tens of kilometers thick, by a hotter material which emerged from the depth (Fig. 1 ). This anomalous mantle volume (which is commonly called "mantle plume") was most probably the source of fluids that penetrated into the lower crust of West Siberia and caused contraction of basalts and the rapid crustal subsidence 150 million years ago.
Rapid subsidence of the described type sometimes occurred in many other sedimentary basins within the continents. This happened, e.g. in the West Texas basin --300 million years ago, in the Timan-Pechora, Volga-Urals and Peri-Caspian basins in the east of East Europe 370 million years ago. Rapid subsidences were usually preceded by slight crustal uplifts, which in many cases were associated with a slight synchronous volcanism of mantle origin. Melting of rocks is enhanced by both an increase in temperature and a presence of fluids. Hence volcanism is another indication of emergence of heated and fluid-containing mantle plumes to the base of the lithosphere before rapid subsidences.
Infiltration of fluids from the mantle into the crust in sedimentary basins has been recently demonstrated using the geochemical data. In basins where rapid crustal subsidence had taken place, the isotopic ratios of rare Earth elements, the samarium to neodymium one in particular, are typical of the Earth's mantle rather than of the crustal layer (Pisotsky, 1999 The occurrence of giant hydrocarbon fields in the areas of rapid crustal subsidence is due to a combination of several factors Baer, 1986, 1987) . First, the subsidence produces isolated or semi-isolated deep water basins with very favorable conditions for accumulation and preservation of unoxidized organic matter at the basin floor where water remains stagnant. Second, a strong increase in the heat flow from the Earth's interior occurs after rapid subsidences. This ensures a transformation of organic matter into oil and gas at shallow depth. Third, a strong decrease in crustal rigidity takes place at times of rapid subsidence (see next section). This allows narrow-wavelength deformations of the crystalline part of the crust under the sedimentary cover. In the overlying sediments, vertical displacements of the crystalline crust produce numerous upwarpsmdomes and ranges, several hundreds of meters high, where oil and gas are accumulating (see Fig. 2 (Burov and Diament, 1995) . Bending of such a lithosphere under surface and subsurface loads occurs in regions, L---170-240km wide. It appears that during the rapid subsidences the lithosphere was bent by 3-10 km in regions which are only 20-40 krn wide (Artyushkov and M6rner, 1997; . A typical seismic section is shown in Fig. 4 . The slope ab bounds a deep basin to the north of the Western Caucasus. The initial downwarping by --lkm occurred during ---1 million years about 33 million years ago. In the process of the following basin filling with sediments, the height of the slope increased to 3.6 km. The seismic profile crosses the slope at an angle, so the actual slope width is smaller than in Fig.  4 (about 30km ). Taking L,30, we find that the thickness of the elastic core in the lithosphere is d--5 km, i.e. the elastic layer practically disappears and the lithosphere becomes ductile. Similar lithospheric deformations occurred during rapid crustal subsidences and following 10 million years in many other sedimentary basins, e.g. in the Peri-Caspian basin to the north of the Caspian Sea, and in deep basins which bound the Carpathians and Urals. They evidence strong temporary softening of the lithospheric layer. This explains why numerous domes and ranges which are good traps for oil and gas arise in hydrocarbon basins at times of rapid subsidence.
Rapid crustal subsidence due to rock contraction in the lower crust is triggered by infiltration of fluids from the asthenosphere into the lithosphere. Since lithospheric softening also occurs at the epochs of rapid subsidence, this phenomenon can be supposed to also result from infiltration of fluids from the asthenosphere. A drastic decrease in the strength and viscosity of metals under infiltration of active fluids which decrease the surface energy at the boundaries between the crystals was discovered long ago (Rebinder and Venstr6m, 1937) . Later it has been found to be typical of many other polycrystalline media including rocks of the Earth's crust and mantle (see Rutter, 1983 high, was at -<1 km above sea level 3.5 million years ago (Li Jijun et al., 1995) . Over most of the areas, rapid crustal uplift occurred without compression and thickening of the curst. Hence it required a density decrease in the mantle. The mantle part of the lithosphere is cooler and denser than the underlying hot asthenosphere with temperature T 1300C. This ensures a possibility of convective instability at the lithosphere-asthenosphere boundary with replacement of mantle lithosphere by the asthenosphere and strong uplift of the overlying crust. No intensive uplift, however, occurred over most of continental areas during --200 million years before the onset of rapid recent crustal uplift. This shows that the viscosity of mantle lithosphere is extremely high under normal conditions, which precludes the development of convective instability.
Intensive crustal uplift during the last 3-5 million years indicates rapid convective replacement by a hot and light asthenosphere of the whole mantle lithosphere in some regions or of its considerable part in another ones (Fig. 5 ). This indicates a drastic viscosity decrease in the mantle lithosphere due to infiltration of fluids from small mantle plumes which emerged recently to the base of the lithosphere (Artyushkov and Hofmann, 1998 
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type of convection in the Earth's mantle which was not known earlier.
The velocities of elastic waves in the asthenosphere are lower than in mantle lithosphere. The electrical conductivity in the asthenosphere is much higher than in a cool mantle lithosphere. Rises by 100 km of the low-velocity and high conductivity layer (the asthenosphere) have been found beneath the regions of strong recent crustal uplift. They occur, e.g. beneath the Tien Shan mountains (Roecker et al., 1993) and the elevated area to the east of Lake Baikal (Kieselev and Popov, 1992; Gao et al., 1994) . The formation of high mountains and plateaus during the last several million years required destruction of several tens percent of the whole volume of mantle lithosphere on the continents. This is the most powerful process in continental lithosphere.
STRONG EXTENSION AND COMPRESSION OF THE LITHOSPHERE AT THE EPOCHS OF ITS SOFTENING; DESTRUCTION OF THE LOWER CRUST IN FOLD BELTS
Large forces are acting along the lithospheric layer (Zoback, 1992) . Due to its high strength, they produce no significant horizontal deformations over most of continental areas. However, large inelastic deformations of the lithosphere from time to time arise in some regions. Lithospheric extension by 1.2-2 times produces rift valleys, 3-8km deep and 20-80km wide during periods of time from several million years to several tens of million years (Ziegler, 1992 Compression of the crust in fold belts results in a strong increase in crustal thickness. Since the crust is lighter than the underlying mantle, at constant density, thickening of the crust should produce the crustal uplift with a formation of high mountains. This is a popular explanation of mountain building (Miyashiro et al., 1982) . However, it appears that after the end of strong compression, the Earth's crust in fold belts usually remained near to sea level (Artyushkov, 1983) . This was typical of the Alps, Carpathians, Urals and many other regions. High mountains were formed later:
--10-100 million years after the end of compression. The absence of strong uplift at the epochs of compression indicates that the same time a density increase occurred in the crust (Fig. 6 ). Its origin can be explained as follows. An increase in pressure is known to facilitate the formation of dense garnet granulites and eclogites from basalts. In a thickened crust basaltic rocks subside to a larger depth where the pressure is higher. Their rapid transformation into denser rocks is possible only in a presence of fluids.
Strong compression of the crust arises when the lithosphere is softened by their infiltration. In a presence of fluids, rapid formation of dense rocks in the lower crust becomes also possible at an increased basalt FIGURE 6 Formation of garnet granulites and eclogites in the lower crust at the epochs of strong compression of the lithosphere with thickening of the crust in fold belts. These dense rocks maintain the surface of a thickened crust at a low altitude. 288 E.V. ARTYUSHKOV pressure. This is why, strong compression of the Earth's crust in fold belts and density increase in its lower part occur synchronously.
The density of eclogites 3500-3600kgm -3 is larger than that of the underlying mantle (3350kgm-3). At the epochs of compression, numerous blocks of these dense rocks delaminate from the crust and sink deeply into the mantle (Fig. 7) which results in destruction of large volumes of continental crust in fold belts. This phenomenon is well known for many areas, e.g. for the Alps (Laubscher, 1990) . The crust was shortened by 3-4 times in this region; however, its means present thickness is only --1.5 times larger than the initial one. Hence one half of the total crustal volumes at least was destroyed in the process of compression.
ORIGIN OF SINKING OF UPPER CRUSTAL ROCKS INTO THE MANTLE AND THEIR RAPID RETURN TO THE CRUST
In some continental areas blocks of rocks which were originally near to the Earth's surface contain minerals that grow only at high pressure at a depth >--100 km: diamond, coesite, which is a high pressure modification of quartz, and others. sedimentary rocks emerged very rapidly from a depth -> 100 km through a high viscosity mantle and crust.
As suggested by Artyushkov, Hofmann and Korikovsky, the occurrence of high-pressure minerals in crustal rocks at the Earth's surface can be explained in another way. Large blocks of heavy eclogite sink into the mantle at the epochs of compression in fold belts (Fig. 7) . Some of them curry down smaller blocks of upper crustal rocks which are attached to eclogite. These light blocks delaminate from eclogite at a depth -> 100 km and emerge back to the crust through a denser mantle lithosphere preserving diamonds and coesites which were formed at a large depth. Rapid uplift of light blocks is ensured by a strong temporary drop of mantle viscosity at the epochs of compression in fold belts. (Artyushkov, 1983) . These internal forces are compressive in a case of lithospheric extension in rift valleys and tensile in fold belts where compression of this layer takes place. In both cases, they oppose the deformations under external forces. The deformations cease when the internal forces balance the external ones.
CONCLUSIONS
According to popular ideas, vertical crustal movements on the continents-the crustal subsidence and 290 uplift result from horizontal motions of lithospheric plates (e.g. McKenzie, 1978; Miyashiro et al., 1982) . In most cases, these movements are actually independent of plate drift and result from deep seated processes in the crust and mantle (Artyushkov, 1983) . The basic phenomenon is infiltration of fluids from the asthenosphere into the lithosphefic layer. This triggers the transformation of basalts into denser rocks with the crustal subsidence and the formation of sedimentary basins. Another effect is a strong decrease in the lithospheric viscosity. This allows convective instability at the lithosphere-asthenosphere boundary with strong uplift of the overlying crust. In regions with soft lithosphere, rapid inelastic extension or compression of this layer occurs which results in formation of deep elongated basins-rift valleys and of fold belts with strongly shortened crust. The above phenomena produce large changes in the lithospheric structure and stresses acting in this layer, which results in some strong non-linear effects.
